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0 p re se n ts d ocum en t o e st å d iv id id o em d ua s p a r -
tes . A p rim e ira re fe re -se å te o ri a d o Mlitod o da So nd a d e
N eu trons . A seg u nd a contem a d es crigi o d a s ond e de ne u -
trons d o I nst itu to ds 1-l1 dr o log ia de W a llingf or d ,as sim c o
mo es i nd i ca g O e s op ortun as p a ra s e u u s o .
P re face 
THE TH E ORY O F TH E NE U TRON P ROBE ME TH O O
Th is rep ort i s b ased o n a sem i n ar giv en at the Ins titu to d e
P esq uisa s H id rAu li cas in D ecemb e r 19 78 . T he ob je ctiv es are
to out line the phy sica l b as is of th e ne u tron p rob e m e th od,
to des crib e t he sou rce of m e asu rem e nt e r ro rs and s ugge s t
w ays in w h ich they M ay b e m i n im i z ed a n d a ls o t o in d i c a te de
sign s trategies f or neu tro n p rob e a cc ess tub e ne tw o rks . The
rep ort is in tend ed t o act a s a supp lem en t to , and not as a
rep lacem en t of , the m ore com p rehen s iv e ac count giv en in the
Institu te of H ydr o logy rep ort n 9  19 "N e ut ron P r ob e P r ad A cq "
b y J .P . B e ll .
N EUTRON P R OBE P R IN C IP LES
A n eu tron p rob e c on sist s of (F ig . 1 ) :
1 . a radi o -a cti ve sour ce of fast ne ut r on s of ene rgy 1 MeV
1




3 . a r ate -s c a le r
C o l li s i on The o r
E.
O 0  TR.% R OT E SCO L E R
O 0
O 0
TA, M A CE AN D DE TECT OR
Fast n eu tron s em i tted from t he radi oa ctive s ou r ce co l lide w i th
the su rro un din g n u cle i an d ene rgy is los t on e ach co l li s ion
(F ig . 2 )
If n eut ron ab so rbe rs are not p resen t in t he su rr oun ding m ate ri a l
it i s re as on ab le t o assum e th at -an "e lastic " c o l li si on t ake s
p lace (e g a b i lli a rd b a l l co llis ion ) w h ich c an b e d escr ibe d b y
the eq uat io n :
2 A  
 
- (1 -
E o (A * 1 )2
)
w he re E 0  is en e rgy b e fore co lli sion
r •  is m e an e ne rgy af te r co l li sio n
A is t he at om i c numbe r of the su rr oun d ing n u c le i
(t he n umb e r of p roton s an d n eut ron s in th e nu c leus )
D if ferent ation of th is eq uati on w ith re spe ct t o A sh ow s th at




m  a 1
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an d neutrons co llid e w ith hy d rogen n u c le i in w hich c ase :
2A 1(1 - —TT7TTr ) 2E
o
 
A f te r n co llis ion s the aver age ene rgy is
2 A nT
n
(1 T T .Tf r r )  E o
b u t t h e m e d i a n e n e r g y a f ter n co l li sions is m u ch les s (F ig .3 )
and i s g iven b y  (s e e  e .g . Ferm i , N u c le ar P hy sics , U n ive rs ity of
C h i cago P re ss )
E EE EE • • ECT RIJ NI 00000 a CO L I. I 0 10 11•
(A -1 )2  (A * 1 ) 1n  ) r
2A A -1  L
It is instr u cti ve t o ca lcu late for di ffe rent m ate ri a ls t h e n umb e r
o f co llis io ns , n . req ui re d t o redu ce m ost of the f as t ne u tron s
1
(o f ene rgy -E 0 = i Me v ) t o therm a l ene rgies (E n Tu e v ) w h ich are
de te ctab le b y the p r ob e . Rea rranging the ab ove eq uati on giv e s :
E n
- ln (- - )
E 0
(1 (A -1 )2  1n  
2A A -1
C.
F i g . 3
T hus f or H , A •
For C . A - 12
F or 0 , A = 16
1n (1/40 ,000 .0 0 0 )
1
1n .(1/ 40 ,00 0 .0 00 )
. 158
1n (1/ 40 ,000 ,0 00 )
. 120
On av er ag e a neu tron af ter re a chin g the rm a l an ergy in ca rb on
and m akin g 1 10 co l lisions w i ll be  m u ch  fu r the r  aw ay  f rom t he
radi o-ac tiv e sou rce and det e cto r t h an on e th at h as th erm a li sed
in hy d rog en an d has m ad e on ly 18 co lli si on s . In f act it c an
b e show n that t he numb er of neut rons p er u ni t -vo lume in  a  g iv e n
ene rgy ran ge (n (r ,E )) at a d i stance r f rom a rad i oa ct ive so u r ce
in an in f in ite m ed ium fo llow s a G auss ian d is tr ibu tion ie .
n (r ,E ) a e
B asis of N eu t r on P rob e *Met hod
4 T
1 7 .5 co llis io ns
110 co lli s ions
146 c o l li s ion s
w he re the -p ar am et er T dete rm in es the sp re ad o f t he d i strib u ti on
and i s-p rop ort ion a l -to 'the sq u are of the m e an f ree p ath ( X ) o f
the neu t ron s in -t he m ed ium and i nv e rs e ly p r op ort i on a l t o the
m eSn -ener gy .l oss7 p er -c o-111 s i on : (f /E 0 ) . -In ge ne r a l ch an ge s in t he
energy los s t e rm  r( f / E &  w it h- r e spec t .t o c han ge s in th e at om i c
numbe r of A he .s u rrounding m ed ium d om in ate t he cha nge s  in  the X2
term . T he s low .neu tr on-" -c lou d ' is t he re for e .sm a l le r an d den se r 
in hyd roge n t h an in any ot he r m ater ia l .
T he neutr on p r ob e m et hod i s b ased on -t h e ap p ro x im ate re la ti ons h ip s
b etw een t he c oun t rate a t t he de te c tor , the s low neu tr on 'c lou d '
dens ity , the hy d rogen dens ity of t he so i l and h en ce t he v o lum e t ri c
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w a te r con te nt (m o istu re V o lum e F r ac ti on , MV F ) of the
 s o i l .
T he coun t rate /MVF re la ti on ship , a lt hou gh ap p ro xim ate ly lin e a r
v a rie s w ith :
(a ) di ffe re nt n eut ro n p rob e s b e cause .of .di ffe rent
so ur ce st rength s and di ffe rent dete ct or ge ome trie s
et c .
(b ) d if fe rent
 soi ls
 b e cause o f d iffe rent e lem ents
in comp os ition an d hen ce di ffe re nt p rop orti on s
of n eu tron m od e rat o rs an d ab so rbe rs
an d thud t o d et e rmi n e th e coun t r ate/ MVF re lat ionsh ip b o th the
n e utr on p r obe and the so i l m ust b e ca lib rated .
CA L IB RAT ION
N eu t ron P rob e Ca lib r ati on
T he neu tr on p rob e is'norm a lly c a lib r at ed b y. d et erm i nin g th e
c oun t rate in 8 lab oratory stand ard of kn ow n MV F .
W at e r i s pe rh aps th e b est st and ard : i t i s ch eap . re ad i ly
av ai lab le it h as a h ig h hyd rog en de n si ty and an e xa ct ly kn ow n
MV F w hich by d efin it ion is equ a l to un ity .
P l asti c t ran sp ort sh ie ld s are not go od st and ard s i t h ey are
u su a lly to o sm a ll f or the n eut ro n c loud to -b e  wh o l l y
 c ont ained
w i thin t he shie ld and the count r ate is in f luen ced b y m at er ia l
o u tside the shie ld . The
 c o e f f i c i e n t o f
 exp ans ion
 o f
 p las ti c i s
a lso re lative ly hig h and coun t rate s are li ke ly t o b e tem p e r a -
tu re dependent .
I t- i s re comme nded t ha t the ca lib r at i o n be pe rform e d in a w ate r
d r um of -m in im um d i ame ter 50 cm . iF ig .4 ) A p re cis io n of 0 .1% in
t he count rate 'in w ate r , Rw s i s pe rf e ct ly f e asib le . T hi s requ i -
res a t ota l o f -1 0 00 .000 c ount s t o b e ob t ained and f or the
W a llingf ord pr ob e w ith a 50 m Ci sou r ce - Rw -10 00 cp s an d th e
coun ting tim e sho u ld b e -16 m in .
'S oi l Ca lib rat io n






1 . A know ledge of the e lem ent a l com p o sit ion of s oi l and the e -
lem ent a l n eutr on cap ture and ab so rp tion cr o ss sec ti ons . T he
an a ly si s i s how ev er d if f icu lt and e xp ens iv e t o p e rfo rm a lth ough
a n ew te chn ique •w h ich inv o lve s ob tain ing m ac ro -c ross se c ti ons
b y b omb ard ing soi l sam p les w ith n eu tron s in an at om ic p i le h o ld s
p r om ise (see eg C omp ar is on of m eth od s of c a lib r ati on o f a n eu t ron
p rob e b y g r av im et ry o r n eu tr on c ap t ure m od e l , G V ach aud , J M
R oy er and J D C oop er , 19 77 . Jou rn a l of Hy d ro lo gy 3 4 ,343 -3 56 ) .
2 . Dr um ca lib r ations pe rf orm e d i n t he Lab or at ory . T h is m et hod is
ve ry tim e consum ing and laborious as large v o lum e s o f soi l
h ave t o b e d ried and rep a cked t o ob t ain ea ch ca lib r ation p oint .
3 . F ie ld ca lib r at io ns . T hi s m e t hod _inv o lv e s :
(1 ) De te rm in ing th e c oun t r a te , R , in th e soi l
(i i ) O bt ain ing soi l co res et e a ch m e asu rem e nt d ep t h
(ii i ) D et e rm in ing the m ois tu re v o lum e fr ac ti on (MV F ) o f th e
'soi l cores by d iv id ing t h e ch ange in w eig ht (g m ) of th e
s oi l core f o llow ing d ry ing at 10 59 C by the v o lum e of the
co re (cc )
(i v] P lo tt ing th e MV F of t he so i l core ag ain st t he ra tio of
the_ co unt ;r ate A. to -the c ount -r ate in -w ate r R .
T tfi ca l R esu lts
B e ll (I n st itu te of Hy dr o logy , R ep ort n 9  19 ) g iv es th e f o l low ing








• • ••• oP
•r-.449 e a ir
_s e .7
R/Rw
-  t o
•
F ig . 5
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Me asu rem e n t E r ro rs
Th e n eu tron p rob e i s n orm a lly u sed t o m e asu re ch ange s in m o is -
tu re con te nt w ith t im e (AS ) ra ther than the ab so lu te m oi stu re
conten t of t he s oi l (S ). In m os t c ase s it i s t he sp at ia l m e an
ch ange in m oi stu re c ont ent (A S ) of t he soi l t hat i s r equ ired
and hen ce t he er ro r th at s hou ld b e m in im i zed i s t he :
E RR OR IN THE SPA TIA L ME AN MO IS TURE CON T EN T CH AN GE
i .e . E RROR in AS
W ITH T IME .
T his e rror w i ll h ave bo th rand om and sy s tem a ti c c om po n ent s
w h ich a rise from b oth e rr ors in he ren t in t he ne ut r on p rob e
m e th od an d th ose du e to •the re a l sp ati a l va ri ab i li ty of ch an g es
in s oi l m oi s ture (s e e T ab le 1 ) .
R andom e rr ors a re m an ife st as an in cr ea sed v ar iab i lity in the
chang e in so i l m ois ture recorded a t d if fe re nt a cce s s tub e s .
-T his -resu lt s.!in -an -in cre ase A n t he s tan da rd d ev i at io n o f the
ch ange .in s oi l m oistu re
 ( GAS ) r e co rded at d if f e ren t a cce ss
.tub es and .h e n ce r esu lt s in .a n inc re a se in t he
ST AN D AR D E RR OR IN THE S PA T IAL M EA N MO IS TU RE CONTE NT
i .e . o
A S
/ / rT
CHA NGE W ITH T IME
(w he re n is the n umb er of a ccess
tube s )
Ide a lly th en w e s hou ld m inim ize t he sy stem at i c er rors as f ar
a s p ra ct i c ab le and t hen red u ce the r and om com p onen t (o
A S
un ti l thi s i s at leas t of the s am e o rd er of m agn itu de . To d o
th is it is w o rt hw h i le cons ider ing in m ore d e ta i l h ow the se
com p onent e r ro rs arise . T he f o llow ing tre atm en t c ons id ers on ly
tho se w hi ch a re no rm a lly significant .
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S ou rce of :e r ro r in A S
RAN DOM S YS TE M AT IC
E r rors in he re nt in the n e ut ron p ro be m et hod :
R an dom co un tin g e rro r
So i l ca lib r ati on e r ro r S oi l ca li b ra ti on e rro r
T AB LE 1
Inte rfa ce e r ro r Int e rf ace e rro r
E rrors w hi ch s hou ld b e in signi fi c ant i f m ode rn eq uipm en t an d
the corre ct m e as u rem ent te chniq ue s are u se d;
Dep th loca ti on e rr ors Dep th loc at i on e rro rs
T he rm a l drif t of t he ne ut ron
p robe co unt -rate
.E rr ors d ue .t o .t he ,re a l s ati a l v ari ab 1 li t of A S a ri se f rom :
S p att a lly -v ariab le p re cip it at io n
:Sp ati a lly ari ab le r oot ab st ra ctio n
IS p etia lly  v ari ab le d rain ag e
T he rm a l d ri ft of the ne ut ron
p rob e c oun t -rat e
p ro be .ca lib ra ti on e rror
-14 -
R a ndom C o unti ng Err or
T his ar i se s fr om the random natur e o f t h e r a dio -ac tiv e d e cay
p r oces s . T he num ber of neu tr ons c ou nted p er fix ed tim e in ter
v a l i s li kew ise ra nd om and has a d i s tr ibu tio n i n w hi ch nega tiv e
v a lu es are not p o ssib le , a Po i sso n d i str ibu tio n (F ig . 6 )
ME• N COUNTS • EIT T IM E INTE RVAL n
NUMBER Or COUNTS PER T IME INT ERVAL
F or a P o isso n d istributio n th e st anda rd dev iat i on i s equ a l t o




i .e . a ./T1
H ence the s tandard err or of t h e m e an num b er of cou nt s pe r t im e
i nterv a l
st andard dev iat io n
n 9  of obser va tio n p e ri od s
-- (w here 7n i s num b er of ob serv ation p er iod s )
stand ar d er ror
v/ (7
of m ean c ou nt s
pe r tim e i nte rv a l
stan d ard err orand the c oeff icie nt of v ar ia tio n  s
m e an
F ig . 6
-1 5-
Ex am p le :
ie ,  c oe f f i c i e n t o f • 1
variation  T ITI T
Ca ldulate the random counu ng error in the neut ron prob e &peer-
. •.
vation  of  625 cps dete rm
.
ined ov er a 6 4 sec ond period :
The mean counts 'a in a 1 se cond period • 625
The numb er of ob se rv ation periods n • 64
standard er ror •
•
/ r 2T .
/64
25
• 3 .125 cps
1
.coeff- ,of_y ari_ation n
- , " 7 —
.





S oi l Ca libration Errors
These are m anif est as both random a nd system atic errors .
They can be random in the sense tha t if the same  so i l  Ca libration i
is u sed f or a ll t he tubes in a networ k and g enu ine v ariations in
soil properties (and hence ca librations) do occur w ithin the net- I
w ork than o
AS
w i ll be incr eased as w ill the standard error of the  1
I
m ean change in soil m oisture ,
crAS/ 171
T hey w i ll b e system atic if the soi l ca libration that is u sed dif-
fers from the areal m ean ca libration of the netw or k .
In practice it is u nrealistic to hope to reduce 'the system a tic
error to below -5% and thi s sets an effectiv e lim it on the ac-
cu racy of the neu tron pr obe m ethod .
n .b .
-As the range -of -slopes of ca libration li nes f rom e ll soi ls— is
--,on ly 19% (provided no neu tr on ab so rber s are pre sent ) it m ay be
v alid to u se a prev iou sly determ ined so il ca libratio n w hich is
selected ac cording to the so il type (Fig . 7 )
1.0  .. •  4;!;•.1






SLOP S  •  0 . 0 0 0
11  ;14 : r
2  V t .
1, - 1 0 1.0  4:-
Cj%  
•





For highest a ccuracy a field calibration shou ld alw ay s be per -
f orm ed .
-1 7-
In te rf ac e E r ror s
Th e n eu tro n p rob e m e th od do e s no t p ro v id e a "po int " m ea su rem en t
of m o is tur e con te nt . In f a c t the p rob e ha s a "sp he re of i nf lue nce "
w hic h d ec re a ses w i th d i s ta nce from the sou rc e/d e te ctor . Th e s i ze
of thi s "sp her e of inf lu e nce " v ar ies w i th th e m o istu re co nten t of
the so i l , i t b e ing la rg e r in d ry so i ls tha n w e t soi ls .
V ar ia t io n in the si ze of th e sp he re of inf lu e nc e w ith m o is tu re
co n te n t ca n the refo re lead to s ig nif ican t err o rs in th e m ea su re -
m e n t of S a nd A S pa r ti cu la r ly w he n no n- linea r gr ad ie nts o f m o is -
tu r e co nte n t occur w it h d ep t h . T hi s ef fe c t is no rm a l ly m o st p ro -
nou nced for su rf ace m ea su rem en ts w here larg e m o is tu re g ra d ie n ts
oc cu r a t the so i l/a ir inte rf ac e . Thu s a s the sur face so i l d r ie s
the sphe re of inf lu enc e i nc rea se s a nd a h ig he r prop or t io n of
neu tron s a re "lo s t " (F i g .8 ) . He nce the  R/ Rw  ra tio is red u c ed a nd
t he s lop e of ca lib ra tio n cu rve is c hang ed .
1.
I.
ta i lrac e CAL II RATICIII
Av o id a nce o f in te rfa c e e rro rs
S UL F S OIL c au s a• T io n
R / R W  1$3
F ig . 8
A num b er of m e th od s ex is t a nd th e ch o ic e is de te rm ined to som e
ex te n t b y th e ind iv id ua l c ir cu m s ta nce s :
1 , P erfo rm a sep ar a te so i l c a libra tio n fo r t he su rface laye r .
(T his is probab ly the m o s t a ccu ra te m e thod ).
2 . U se a num e r ic a l co r r ec tion ba sed o n  a n  em p ir ica l re la tio nsh ip
d e r iv ed for id ea l ised so i ls (s ee eg AR C G re a t Br ita in , Le tc om be
La bo ra to ry A nnu a l R ep o rt 19 73 , A m e thod fo r im p rov ing the a c -
cu ra cy of m e asu r ing so i l m o is tu r e nea r the so il su r fac e w i th a
ne u tro n m e ter , W Ha rr is ).
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3. Use a surface extension tray . This involves filling a fibre -
glass tray with a sample of the surface layer of the soil and
then placing the tray around the access tube (Fig . 9). The
"loss" of neutrons is reduced but the method does have dis-
advantages; if measurements are made regularly the crop may
become trampled . Furthermore the moisture content of the soil
may not:be representative of that in the top layer of the soil
unless the tray is filled each day with a new sample of soil .
This method is however simple to use *and can give good resu lts
in certain circumstances.
t 2 7:7
Cai ce , ,e n r en t
4. On wet soils (>0 .7 MVF) interface errors arising from measure-
_ 
.
ments taken at 10 cm or more below the soil surface can probably
be ignored .
Spatial variability of AS
The sOatial variability of the change in soil moisture is determ -
ined 'mainly by :
1 )  Spatiall'Y  variable precipitation
• '
2) Spatially variable root water abstraction
3) Spatially variable soil water drainage
These effects are perhaps best illustrated by example. Observations
of the change in soil moisture made with a forest access tube net-
work of 20 -Tubes with approximately 2 m spacing (Calder 1976 The
Measurement of water josses from a forested area using a "natural"
— lysimeter, J . Hydrol., 30:.'311-325 .) indica ted a standard,deviation
(ejAS ) Of .apOroximately.S mM .during dry. periods .
H ow ev e r , fo llow ing rain e spe ci a l ly rain w h ich d id n ot re tu rn
the soi l to "fie ld cap ac ity "  a  ve ry h igh v a ri ab i lity w as found








0 AS • 5








T his h ig h v ariab i li ty is  a  ref le cti on of the "sp otty " n a tu re o f
th ro ugh f a l l and s tem f low b en eath a f ores t can opy . S u ch h ig h  v a
ri ab i lities in AS are n ot n o rm a l ly f ound on g rass land s ite s fo l
low ing rain .
T hus du ring d ry cond itions the s tand ard e rro r of t he m e an ch ange
in s oi l m ois tu re con te nt de term in ed w it h a 20 acce ss tub e g rid is
stand ard dev iati on of change
n um be r. of ob se rv ation s
1 .1 mm
•
4 0 m a
As
D urin g w et cond itions the st and ard e rr or is :
1 5 3 .4 mm
• FOL L OWING RAIN
•  DRY ING
F ig . 10
* e•
*n .b .
T h e s tan da rd d eviation o t s  is d e te rm ined b oth by the re a l
sp a ti a l v ariab i lity and b y the r and om e r rors in he re n t in the
n eu t ron p robe me thod
i .e . , °AS o RSV 2 • o r c2 • Ox 2
w h e re o RS C = stan dard d ev iati on  o f  re a l sp atia l va riab i lity
a r c = s tand ard d ev iati on !  o f  r and om co un tin g
st and ard d evi at ion of a ll othe r r an d om e r rors
o f  neu tron p rob e m et hod
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N E TW OR K DE S IGN
Tw o q ue st ion s w hi ch a lw ay s ar ise in the d es ign of ac ces s tu be ne t -
w o rk a re :
1 . H ow long to coun t (for the W a l lin gfo rd n eut ro n p rob e the
ch o i ce is no rm a lly betw een 16 and 6 4 sec ) .
2 . H ow m any tube s .
T he f o llow in g tre atm en t is concern ed on ly w it h p ro vid ing an sw e rs
to t ho se q ue s ti on s in situ ation s w he re t he tim e sp ent t rave l ling
b etw e en a cces s tub es is sm a ll comp ared w i th the tim e t a ken t o
re ad t he a cce ss tub es : the expe rim en ta l p lot r athe r t ha n t he la r -
ge ca tchm ent sit uati on . (It is intend ed to de s crib e a so lut ion t o
the m o re g ene ra l ca t chm ent s itu ati on p rob lem in a sep a r ate p ub li -
c at ion ).
Rem emb er tha t w e w ish t o m in im ize t he erro r in t he sp at i a l m e an
ch ang e in so i l m oist u re , the rand om com p o nent of w hich is g ive n
b y :
w hi ch c an b e e xp re ssed as :
= n umb er of tub es
GAS
GA S / 0 2 • 0 2
rc sv
w here  Or e = stand ard d ev iat ion of ran dom cou nt ing
0
sv
= s tand ard d ev i ation of rea l sp ati a l
v ar iab i lity and ot he r neu tr on p rob e r andom e rr ors
O p tim um c oun t in tim e/num be r of tu be s
T he op tim um c ounting tim e (optim um in t he se n se t hat G A s /IT
. i s .m in im i zed .f or a g iv en am ount of operator effort) can b e
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d ete rm ined f rom a know le d ge of sp at ia l v a riab i lity (clay ) and the
f act tha t an op e rato r t ak es app roxim a te ly tw i ce as lon g to re ad
a tube or on'64 sec c oun ts as he d oe s t o re ad a tube on 16 se c counts .
T hu s f or the sam e e ffo rt an ope rato r can re ad eit he r :
(e ) n tub e s on 64 se c count s in w hi ch c ase the
st and ard e rror •
o r
(b ) 2 n tub es on- 1 6 s eC coun ts in w h idh case t he
st an da rd e rr or •
(w he re o i s  is t he r and om co un t ing e r ror on
1 6- S e C co un ts )
H e n ce :if e rror q b ) e r ror (a ) t he op e ra tor s ho u ld
•re ad L2 n :t ub e s 'O n 16 s ec c oun t rat he r th an n tub e s
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F o r the f ores t access tube g rid in d ry con difl on s the st an d a rd
d ev ia ti on of A S w as foun d to be
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 5 m m .
F rom the o ry the st an da rd d evia ti on of ran d om c ount in g f or a
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and i t is b et te r t o re ad m ore t ube s .
T he g ene r a l p hi losop hy .is t hereT o re t o d e t e rm i ne the coun tin g
tim e f ro m a .k n ow ledge of t he sp a ti a l v a ri ab i lity of t he ch an ge
in s oi l m oi st ure con tent
 4 o ) ( w hi ch w i ll .in m ost cases b eAs
16 se c ) an d t hen t o i nse rt as m any t ub es as is p r actic a l b e a ring
in m in d th at 'w hen 2 5
 i s of th e s am e o rd e r as t he sy s tem ati c
e rro r in th e s oi l ca li b rat i on , t he law of d im in ishing
ret urns set s in .
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8 - OPE RA T IONA L P RO C EDU RE F OR T HE IN ST ITU TE O F H YD RO LO GY
SO I L MO ISTU RE NEU TRON M ETER
In tro du ctio n and des ip n p hi lo sop hy
T he /H Soi l M ois tur e N eu tr on Me ter m anuf ac tu red by the D id co t
Instrum ent Co ., A b ing d on , com pr i se s a n eu tr on p rob e , 38 mm d ia -
m eter and 73 5 m m lo ng , a co n necting c ab le (cu stom ar i ly 5 m lo ng ,
b ut it ca n be of a ny p r ac t icab le le ng th ) an d a ra te -sca le r p ow e r
ed by rec ha rg eab le b at ter ies . A ll the se c om p one nt s a re a ss em b led
into a si ng le integ ra te d instrum e nt w h i ch a lso in c lud e s a h ea vy
p o ly thene saf e ty s hie ld to ab sorb th e f as t neu tron s f r om th e
p ro be w hen it is no t b ei ng us ed i n t he soi l .
T he d e sig n phi lo so p hy of th e sy stem h as be en to im p rov e p or ta
b i li ty , to sim p li fy f ie ld ope rat io n and to m inim ize op era t io na l
f ai lu re by ca refu l a tte n ti on to t he m ost f re qu ent c au ses o f suc h
f ai lu re . T he u se of c om p lex m u ltic or e c ab les f or tran sm i ssio n of
a v a r i e ty o f v o lt ag e s a n d s ig n a l s t o a n d f r om t h e p r o b e r e s u l t e d
i n f re qu ent m a lfu nc ti oni ng of p rev iou s d esig ns of neu t ro n p rob e :
the Ins titu te of Hy d ro log y pr obe , li ke t he W a l li ng f ord p r obe
-
w hi ch-pr eced e d .it , has :a l l -the -pr obe e le ctro ni cs ho u sed w it hin
-t he pr ob e it sel f . T hu s •t he E HT v o ltag e s o f t he order of 2 00 0V are
- g en er ated -in -situ f rom - t he- 1 2 V i npu t p rov id ed v ia th e coaxial
cab le s -t he p u lses f r om th e 80 t he rm a l n eu t ron cou nt er ar e am p li
f le d a nd shap ed -bef ore b ei ng p as se d u p -t he cab le t o th e r at e -
s ca le r w hich -to ta ls the -num b er of pu lse s _re c eiv ed i n a p re se t
tim e of 1 6 se c . or 64 s ec .
M e asur em ent s of th e m oi st ur e c ont ent of so i ls are m ade by low
eri ng the pr obe d ow n  • 1  pr ev io u s ly -i nsta lled ac ces s tu be (a n a lu -
-nm inium tube of 1 3/ 4 '."0 .0 " sea led at t he bo ttom e nd w ith a d ie -
_ ca s t_a lum inium p lug_ and a t _the top w ith a ru b ber bu ng ) . T h e count
re te A s then d eterm i ned at a s er ie s of m e asu rem ent d ep t h s and
t his c a n b e re lated t o the MV F of t he so i l v ia soi l a nd p r ob e
ci lib ra ti on equati o ns .
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Operation of P robe
The con tr ols a re revea led by opening the clip at the t op of the
c arry ing housing and hinging ba ck the r ate sca le r . The 'r ate -sca le r
h as three sw itch con tro ls : on the righ t ls th e on/off switcn , on_
t he left is the counting sw itch w ith tw o time Op ti on s of 16 o r 6 4
sec . which a llow s a choice of counting p re cision , and fn the cen -
t re is a te st sw itch . A count is initiated by p ressing the sw it ch
in either 'dire ction as app ropriate to the chosen cou nt tim e s a
f lashihg disp lay and an audib le b le ep at one sec ond interva ls
w i ll then indicate that a count is in prog ress . The vo lume of the
b leep can b e adj uste d by t urning the knob '. mounted to the ri ght of
the disp lay . After the chosen counting .tim e ha s e lapsed the count
rate w ill be indi cated on the digita l d isp lay . T o che ck that a ll
the fi lament s of the disp lay are. operationa l the centt a l te st
sw itch sh ou ld then -b e pressed and if sa tisf acto ry a reading of 888
wi ll b e di splayed .
The prob e can be conne cted to the rate sc aler by m eans of the
c ab le w ou nd b e tw e en t h e lu g s on t h e h ou s i ng . S h o u ld t he ca b le b e
rem ov ed a lt ogether from p robe and rate scaler , n ote that the end
m arked red -is to -b e •connected t o the probe r W ith the e ciu i p m e n t
moun ted  oh  th e access tube -but _t he -prob e -loCked -in t he hou sing
take a tri al re ading of th e count in thi shie ld .'If t he p rob e has
.not .b een sw itche d on le ave .it "on ". for 30 .Seconds befo re beg inning
-the -t ria l count . 'N ote t hat-t he •depth:c ou nter at the t op of the
housing show s -9994 :.i.:e .-- 6 :-cm -w ith -the p robe --locked -se cu re ly aw ay
tIf ‘t h i s_Lha s b e e n a ltere(G • it tcan .be -reset _by.m anip ulation of the
knur led screw s w hich ,contro l .t he fri cti on w hee ls -betw een• w hich the
cabl e' is re le ased .
N ow t he p ro be .ca n -be ru nlocked by turning the key to the har i zon
•t a l. If *l t'is difficu lt to tu rn , gent le pu lling .of the cab le m ay
seCure t he .re le ase "of the key . The cab le and the probe m ay now b e
low ereifl hrough the dep th counter by t he opeT ator p ulling the-
g r i p toward sH im se lf to .re lease-the cab le ..W hen the d epth -counte r
is readihg c bbo t he c entre .of Teensitivity of -th6 probe -1 1 .e . -the
centFa l=p oint,:of t he- annular- ring source L is •et the t6p .of the ac -
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ce s tub e . B e cau s e the equ ipm e n t m ay no t b e ce n tr e d exa ct ly on the
a cc ess tube i t m ay be diff ic u lt to d rop th e p ro be  d ow n  the tu be .
T his m ay be re so lv ed by mov i ng the .hou si ng u n ti l it is obv iou s
tha t t he p rob e ca n be lowe red sm oo th ly dow n the ac ce ss tub e .
No rm a lly th e a cce ss tub e is lef t som e 1 0 cm p ro ud of th e s oi l
to ensure t ha t w ater a nd soi l d o no t f a ll dow n the tube . A ll m ea -
su reme n ts u si ng t he c ou nter are m ad e f rom the top of the t u b e s o
i t is es se nt ia l to chec k and not e t he p re c is e d i stance of th is
f rom the so i l su rf ace . T here af te r a l l m e a su rem e n ts of so i l m oi s -
tu re are m ad e i n 1.0 cm i nc rem ent s d ow n the acc es s tub e . T hu s if
the acces s tub e w a s i ntend ed to be 1 0 cm ab ov e t he su rfa ce bu t
in fa ct is o n ly 9 cm , re adi ng s sho u ld the n b e t a ken a t 19 cm ,
29 cm , 3 9 cm , e tc .
P rob e C a libr a tio n
E ach d ay , p ri or to t he ta king of so i l m o istu re read i ng s , it
is re comm end ed tha t th e neu tr on P rob e ca libr ati on be chec ked by
t aki ng 1 0 rea d ing s of 64 sec . dur a ti o n i n a w at er d rum u si ng an
a c c e s s tu b e of t he s am e m at e r i a l a s t h a t u s ed i n t he f i e ld . T h e
m ean of t hes e re ad ing s (Rw ) sh ou ld t hen b e p lott ed g rap hic a lly
to pr ov id e a r e cord and che ck on t he s tab i li ty of th e p rob e (F ig .
111 7 A s -t he st a nd a rd err or of Rw -ob t ai n ed w i th 1 0 r eadi ng s of
64 se c . is not e ntire ly in sig nif ic an t ("1 .3 c .p .$ ) i t i s p re -
fe rab le to us e t he-m e a n- of a -ser ied -of Rw -v a lu es in w at er conte nt
ca lcu la t ion a nd to co nti nu e to u se thi s m ea n v a lu e u nti l suc h
tim e a s t he g r ap h of Rw va lu e s ind i ca te s tha t a sig nif ica n t sy s -
tem atic -c ha ng e 'in Rw ha s- o ccu rre d (pe r hap s af ter 1 y ea r of ope r -
atio n of the p r ob e ) .
Soi l C a li bra ti o n
Whi le g iv e n car efu l ca libr a ti on for ea ch i nd iv id u a l s oi l th e
neutr on m oi st ur e g aug e is .capa b le of p rodu ci ng ac cura te ab so lu te
da ta , f or m o st ag r icu lt ura l a nd hyd r o log i ca l p ur p o se s it is d if -
*f ere nces  in .so il  m ois tur e ov er a pe r fod  tha t  a re r eq u ired . Inde ed
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no other soi l W oisture m easu ring te chniqu e is c ap ab le of repe ated
me asurem ent w ithout soil disturbance other than that ne cessary
f or installation of the a ccess tubes . If diffe rence s on ly ar e 're -
quired then the statistica lly most precise f orm of the eq uation
fo r a given soi l w ill giv e answ ers on ly ma rgin al ly different :from
.  
a generalised ca libration curve
So il moistu re . 0 .867 --Rw
0 .016 loam
T echnica lly this cu rv e is f or lo amy soi ls w hile f or sand s a nd
clay s respective ly the equiv alent re lations w ou ld be
Soi l m oisture 0 .790 0 .024 sandRw
Soil moisture 0 .9 58 1.7; 0 .012 c lay/peat
N ote that the use of the f orm of calib ration lqw ensu re s that re -
su lts o b ta i n e d b y t h e p r o b e d o n o t d e p e n d i n a n y w a y o n t h e p e r -
ticular cha racteristics of a p articu la r p robe . Thu s in catchment
area rese ar ch a number :of pr obes_m ay wel l be in use. Furtherm o re
the characteristics of a individ ua l p ro be may change w ith tim e
d ue to the r ad ia ctiv e decay of the sour ce (1 /2 li fe 450 years )
or perhaps b ecause of s om e ch ange in performan ce of the dete ct or
as w hen the EIF3 prop orti on al counter is rep la ced . W hatev er the
re ason f or a dif ference -in the =count f or-a g iv en t i m e , ' n o rm a l i -
sa t i o n ! by d iv id ing the count tby the count of -the -sam e- probe in
-
w ater w i ll -ensu re-la dk :of b ias in the m ea su rem ent of soil mo is -
ture .
For .o rg anisations such as the Institute of  Hyd ro logy w hich is
re sponsib le fo r soi l m oisture m easu rem ents in a w ide variety o f
locations , com puter p roce ssing of the resu lt s is.pra ctical and
e conomic .' 'W here on ly a sing le neutron -m oistu re m eter is in u se
com putation- by m eans-of a sim p le e le ctroni c scientific calcu la tor
is quite adequate . 'N ote that the neutron p rob e m easurem ent is
r ather like  a rUnning average in that the m ea su rements are not
p oint me astirem en ts but average non- linear ly the soi l m oisture (or
rather hydrogen nuc le i ) in a layer of so i l of thickness from
 3b
to 60 cm depend ing re spective ly on w hether the soi l is w et or
dry . Thus in assigning "Layer Factors"
 o f
 10 cm each , it is as -
sum ed that ea ch layer characteristics the soi l m oisture f rom
the mid-point of a the m easu ring interv al on either side
 o f
 the
app rop riate measuring depth .
-28-
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